DEFINITION
==========

VATS lobectomy can be defined as lobectomy performed entirely under monitor-vision without rib spreading. It may be distinguished from \'minithoracotomy with video-assistance,\' in which surgery is performed under direct vision via minithoracotomy using thoracoscopic illumination. \'Hybrid\' VATS lobectomy differs from \'complete\' VATS lobectomy in that a rib spreader is used in hybrid VATS lobectomy \[[@B1],[@B2]\]. The same oncologic principles that are applied to open-thoracotomy lobectomy, such as complete anatomic resection with negative resection margin, and complete hilar and mediastinal lymph node dissection, are applied in VATS lobectomy for lung cancer.

INDICATIONS
===========

The advantages of VATS lobectomy have been supported by many reports. VATS lobectomy can reduce postoperative pain, length of hospital stay, and occurrence of complications, as well as facilitate adjuvant chemotherapy \[[@B2]-[@B10]\]. Technological advances in thoracoscopic equipment and accumulation of experience with VATS lobectomy procedures have contributed to the expanded application of VATS lobectomy. The current recommended indications of VATS lobectomy are as follows.

1) Clinical stage I non-small cell lung cancer (NSCLCa)
-------------------------------------------------------

VATS lobectomy was recommended as a standard procedure for the treatment of clinical stage I non-small cell lung cancer (NSCLCa) by the International Society of Minimally Invasive Cardiothoracic Surgery consensus statement in 2007 \[[@B11]\], by the American Colleague of Chest Physicians evidence-based clinical practice guidelines in 2007 \[[@B12],[@B13]\], and by the National Comprehensive Cancer Network (NCCN) guidelines in 2010 \[[@B14]\]. VATS lobectomy is most suitable for patients with small (under 5\~6 cm in diameter) peripheral tumors without endobronchial lesions, and without visible pleural adhesions or anthracotic lymph nodes that are tightly adhered to pulmonary vessels.

2) Benign lung disease
----------------------

Benign lung diseases requiring lobectomy include pulmonary aspergilloma, bronchiectasis, multi-drug resistant tuberculosis (MDRTB), and pulmonary sequestration and congenital cystic adenomatoid malformation (CCAM), etc. Weber et al reported successful application of VATS lobectomy for benign pulmonary disease for western population \[[@B15]\]. However, the most challenging issue when performing VATS lobectomy in Asian population for treatment of benign lung disease is pleural adhesion, because adhesions frequently accompany inflammatory changes in the pleural cavity. Furthermore, tight adhesion of inflamed lymph nodes to the pulmonary vessels is one of the most common causes of conversion into open-thoracotomy during VATS procedure \[[@B16]\]. Therefore, thorough evaluation of hilar structures by preoperative enhanced chest CT is essential.

3) Expansion of indication of VATS lobectomy
--------------------------------------------

As experience with VATS lobectomy gradually accumulates, VATS lobectomy has been applied in selected cases of N1 lung cancer, microscopic N2 lung cancer (including cases receiving preoperative chemotherapy), and lung cancer with endobronchial lesions that require sleeve resection \[[@B17]-[@B22]\]. Reported outcomes of these trials are comparable to those of open-thoracotomy lobectomy, indicating the need for prospective research.

CONTRAINDICATIONS
=================

VATS lobectomy is not applicable for patients with advanced lung cancer, preoperative radiotherapy, or visible anthracotic lymph nodes that are adhered to pulmonary vessels and that impede anatomical dissection. VATS lobectomy is not indicated in patients who cannot sustain single lung ventilation due to poor pulmonary function. However, previous lung surgery, focal pleural adhesions, or incomplete interlobar fissures are not absolute contraindications of VATS lobectomy.

TECHNIQUES
==========

1) Anesthesia and patient preparation
-------------------------------------

Single lung ventilation by double lumen endotracheal tube intubation is required for VATS lobectomy, as in open thoracotomy. In left side procedures, right-sided double lumen endotracheal intubation does not interfere in the manipulation of the left main bronchus, and facilitates subcarinal lymph node dissection. However, right-sided endotracheal tube might block the right upper lobar bronchus, so it must be well-positioned and maintained by experienced anesthesiologists. The patient is placed in the full lateral decubitus position, and bent downward around the hip to widen the intercostal space. Secure fixation is very important, because the patient can be tilted to both sides during the operation to retract the lung by gravity.

2) Port placement
-----------------

Two to four ports can be used according to the surgeon\'s preference, the experience of the surgeon and staff, and available endo-surgery equipment. Before thoracoscopic port placement, it is important to consider a few things as followings; ergonomically good position to handle the instruments, easiness to convert open thoracotomy in emergency, cosmetically good looking, and less postoperative pain. The first port for the thoracoscope is placed at the 7^th^ or 8^th^ intercostal space in the mid-axillary line, and the pleural space is inspected. A working window of 4\~5 cm in length is placed at the 5^th^ or 6^th^ ICS in the mid-clavicular line. Specially-designed wound retractors are commercially available to enhance instrument handling and prevent wound contamination. An additional port is made at the 7^th^ ICS in the post-scapular line. This port configuration guarantees safe and prompt conversion to open-thoracotomy in emergent situations by connecting the working window and the posterior port. Simply by changing the thoracoscope port and applying appropriate maneuvers, all lobes can be accessed by this three-port configuration without major modifications. However, it is left solely to the surgeon\'s preference to decide where to stand, where to place the thoracoscope, and whether to change the thoracoscope port or to use a fixed port. The most important consideration is to avoid competing with assistant\'s instruments (\"no hand cross-over\" technique). We recommend standing on the right side of the operating table because it allows smooth right-hand movement. When doing left side VATS lobectomy, a 10 mm port for the thoracoscope is placed at the 7^th^ intercostal space in the posterior scapular line, and fissure development and subcarinal approach can easily be accomplished without disturbance by the thoracoscope.

3) Approach and sequence of dissection
--------------------------------------

In the technique of VATS lobectomy introduced by McKenna and D\'Amico, hilar structures (the lobar pulmonary vein, artery and bronchus) are sequentially divided from the hilum (the so-called \'hilar approach\' or \'single directional approach\') \[[@B23]-[@B25]\].

Advantage of this approach is that it avoids fissure division and consequent reduction of air leaks. A good understanding of anatomic structures of the lung and surgical experience are required for this approach.

VATS lobectomy can be performed in the same order and technique as conventional open-thoracotomy lobectomy. In lung cancer surgery, hilar structures are usually divided in the order of pulmonary vein, pulmonary artery, and bronchus. By dividing the pulmonary vein first, it is easy to manipulate the artery, and tumor dissemination into the bloodstream during manipulation of the lung may be prevented.

4) Right upper lobectomy
------------------------

The example of right side port placement was illustrated in [Fig. 1](#F1){ref-type="fig"}. It is important to assess the condition of the fissure when selecting the approach. We recommend starting from the hilum by opening the parietal pleura covering the hilar structures from the middle lobar vein up to the azygos vein, and then inserting the endo-vascular stapler (white cartridge) through the inferior port to divide the upper lobar branch of the superior pulmonary vein. When dividing the pulmonary vessels, careful release of the perivascular sheath is critical to secure sufficient space for stapler passage, while incomplete release makes stapling difficult and increases the risk of bleeding. Traction of vessels with tapes or rubber bands can be helpful, but is not necessary when the vessels are fully released. Applying lubricant jelly around the stapler head may help smooth passage.

After dividing the upper lobar vein, the anterior trunk of the right pulmonary artery is carefully released and divided by the endo-vascular stapler (with gray or white cartridge). The posterior ascending artery is then divided using 5 mm interlocking clips. If this branch can be approached from the hilar side, fissure division is easily accomplished by staplers after bronchial division, even if it is not completely developed. However, when the posterior ascending branch is inaccessible from the hilum, it should be divided after major fissure development.

After the vessels of the right upper lobe are divided, peribronchial tissues, including lymph nodes around the right upper lobar bronchus, are dissected and the bronchus is divided with the endo-stapler. A 4.8 mm thickness (green cartridge) stapler that is longer than 45 mm in length is recommended for bronchial division, because the use of smaller staplers can increase the risk of stump failure due to incomplete stapling.

To pull out the resected lobe, surgical rubber gloves or commercially-available plastic bags are used. The specimen must be very cautiously pulled out so as not to tear off the retrieval bag. Lubricant jelly can be applied at the rim of the working window to aid extraction.

The remaining bronchial stump must be confirmed to be securely closed by the air leak test. The inferior pulmonary ligament is divided to promote expansion of the remaining lobes. Additional mediastinal lymph node dissection is then performed (it will be discussed in the next chapter). After irrigating the pleural space with normal saline, the patient must be checked for bleeding, expansion and position of remaining lobes, and position of the chest tube that is inserted through the inferior port. If there is any concern regarding bending or torsion of the right middle lobar bronchus, the middle lobe should be anchored to the lower lobe with one or two stitches. [Fig. 2](#F2){ref-type="fig"} demonstrate bronchoscopic findings and CT images that show narrowing of the right middle lobar bronchus after right upper lobectomy.

5) Right middle lobectomy
-------------------------

The same port placement is used for right middle lobectomy as for right upper lobectomy. The extent of fissure separation is directly related to the difficulty and approach of operation. Once the right middle lobar branch of superior pulmonary vein is released from the hilar side, fissures must be developed between the right middle lobe and other lobes to identify the pulmonary artery. The right middle lobar pulmonary artery can be safely accessed after full division of the fissure between the right upper lobe and middle lobe. If the development of this fissure is incomplete, more attention must be paid to the course of the right middle lobar branch of the pulmonary vein before dividing the fissure with an endo-stapler. Aberrant branches in the fissure can be sacrificed. Port selection for the endo-stapler is very important when developing fissures, because the entrance angle of the stapler is determined by the course of the fissure. Fissural vessels such as the right posterior ascending artery, superior segmental artery, and lateral and medial segmental arteries of the right middle lobe must be clearly identified and released. After the fissures and vessels are fully released, the middle lobar arteries are divided with endovascular staplers (over 35 mm, white cartridge), interlocking clips, or the silk tie method. Because the right middle lobar bronchus is short and narrow compared to other bronchi, 30\~35 mm endostaplers (blue cartridge) are recommended. The resected lobe is extracted in the same way as for the right upper lobe.

6) Right lower lobectomy
------------------------

The inferior pulmonary ligament is first divided, and then the right inferior pulmonary vein is isolated. After major fissure development, the basilar trunk and superior segmental branch of the right pulmonary artery are identified and released. The pulmonary arteries can be divided either before or after the pulmonary vein. The endovascular stapler (30\~45 mm, white cartridge) is again used for division of vessels. The right lower basilar trunk and superior segmental branch can be divided together with one stapling, if this does not compromise the posterior ascending branch. These segmental branches can also be divided separately with the silk tie method, interlocking clips or endovascular staplers.

Prevention of narrowing of the right middle lobe bronchial orifice is very important when dividing the right lower lobar bronchus \[[@B26],[@B27]\]. Thus, the bronchial stapling of lower lobar bronchus must be made parallel to the direction of the right middle lobar bronchus, and the right lower lobe can be lifted superiorly to help achieve an appropriate entry angle. Bronchoscopic confirmation by the anesthesiologist is also helpful.

7) Left upper lobectomy
-----------------------

In left sided VATS lobectomy, we recommend using a right-sided double lumen endobronchial tube, because the use of a left-sided tube makes bronchial manipulation and subcarinal lymph node dissection much more difficult. Port placement in left-sided VATS lobectomy is the same as in right-sided VATS lobectomy, except that a 10 mm trocar is used in the posterior port for thoracoscope insertion ([Fig. 3](#F3){ref-type="fig"}).

If the interlobar fissure is completely developed, the superior pulmonary vein and branches of the pulmonary artery can be divided separately. If the interlobar fissure is not completely developed, the hilar approach is recommended.

The anterior aspect of the hilum is exposed by tilting the operating table to the left and pulling the left lung backward with a lung retractor. The left superior pulmonary vein and left anterior trunk are sequentially divided with an endovascular stapler (35\~45 mm, white cartridge).

In the hilar approach, the left upper lobar bronchus is divided with an endo-stapler (45 mm, green cartridge), and the other left upper lobar segmental branches of pulmonary artery are then divided with clips or ties. Finally, the remaining fissure is separated with an endostapler (45\~60 mm, green cartridge).

Using the same approach as thoracotomy lobectomy, the operating table is tilted to the right to promote anterior traction of the left upper lobe. After fissure separation, the remaining segmental branches are divided with an endovascular stapler, clips, or silk ligation. The left upper lobar bronchus is divided last with an endostapler (45\~60 mm, green cartridge). The remaining bronchial stump must be positioned parallel to the left lower lobar pulmonary artery trunk. If not, the remaining stump may compress the lower lobar trunk and cause pulmonary infarction.

Specimen retraction, irrigation of the pleural space, and the air leak test are performed in the same manner as described above.

8) Left lower lobectomy
-----------------------

The approach is the same as that for left upper lobectomy. If the fissure is incomplete, the single direction method can be used, starting from the inferior pulmonary ligament to the hilum.

First, the operating table is tilted to the right to expose the posterior aspect of the left lung. The inferior pulmonary ligament is divided, and the lymph nodes are dissected. After isolating the left inferior pulmonary vein, the mediastinal pleura is opened posteriorly and superiorly up to the level of the aortic arch, to expose the left lower lobar bronchus and superior segmental artery. The vagus nerve and its branches must be identified and saved. The inferior pulmonary vein is divided with an endovascular stapler. The operating table is then tilted to the left to move the left lung posteriorly, the fissure is separated, and the segmental branches of the lower lobar artery are divided. Sometimes the basilar trunk and superior segmental artery can be divided together with one endovascular stapler (35\~45 mm, gray or white cartridge).

If the lingular segmental bronchus is secured, the process of lower lobar bronchial division is the same with that for other lobes. The other procedure is performed as described above.

MEDIASTINAL LYMPH NODE DISSECTION
=================================

It is critical to achieve surgical completeness, which includes mediastinal lymph node dissection (MLND). The question of whether MLND improves survival remains controversial \[[@B28]-[@B30]\]. However, MLND is considered essential for accurate pathologic staging \[[@B31]\]. Complete lymph node dissection can be defined as removal of all lymph nodes and fat tissues from each nodal station \[[@B32]\]. It must be determined that complete node dissection is really possible by VATS before expanding the indication of VATS lobectomy in lung cancer; this hypothesis is supported by many recent reports \[[@B31]\]. Sugi and Watanabe found that the numbers of lymph nodes removed by VATS were comparable to those removed by thoracotomy, and that survival and recurrence were also comparable \[[@B33]-[@B35]\]. Sagawa et al. performed VATS MLND and opened the chest to check its completeness. They found that only 2\~3% of lymph nodes remained, and concluded that VATS MLND is not inferior to MLND by thoracotomy \[[@B36]\]. Therefore, thoracoscopic lymph node dissection is technically feasible, and does not violate the oncologic principle. However, more evidence is required to extend the indication of VATS lobectomy from stage I lung cancer to more advanced disease. VATS lobectomy can be tried in carefully selected cases of N1 lung cancer without signs of extranodal invasion, but the open technique is still recommended in cases of more advanced disease.

Basically, the technique of thoracoscopic lymph node dissection is almost the same as that of the open technique, but can vary according to the position of the scope, presence of working window, the thoracoscopic instruments used, and the adequacy of surgical view by scope. During dissection, special attention is required not to crush harvested nodes and prevent possible tumor dissemination. Releasing the mediastinal space during mediastinoscopic lymph node screening prior to lobectomy can be helpful. However, if bleeding occurs it may worsen the surgical view.

1) Right side mediastinal lymph node dissection
-----------------------------------------------

The parietal pleura around the azygos vein is opened, and the superior vena cava (SVC) is retracted anteriorly. All fat tissues at the right side of the trachea are removed *en bloc*, from the subclavian and innominate arteries to the right main pulmonary artery (PA) and anterior subcarinal area, to visualize the pericardial surface. The vagus nerve, right recurrent laryngeal nerve, thymus, and right main pulmonary artery must be carefully identified and saved. Ultrasonic devices such as Harmonic® scalpels are useful to reduce the occurrence of lymphatic leaks after dissection and to prevent postoperative chylothorax.

When dividing the inferior pulmonary ligament (IPL), the IPL lymph node can be removed. Care must be taken to control bleeding from all minute vessels.

The subcarinal space can be best exposed by tilting the operating table to the left and pushing the right lung anteriorly with a lung retractor. The parietal pleura is then opened, avoiding injury to the vagus nerve. The subcarinal nodes can be removed *en bloc* starting inferiorly and moving upward using electrocautery and the Harmonic® scalpel. The subcarinal space can be reached by an anterior approach if clear dissection is difficult from behind ([Fig. 4](#F4){ref-type="fig"}).

2) Left side mediastinal lymph node dissection
----------------------------------------------

Complete left side MLND is technically more challenging than right side MLND due to the difficulty of obtaining an adequate view of the left paratracheal and subcarinal spaces, and requires appropriate division of the adjacent tissues (e.g., vagus nerve branches, bronchial arteries, and lymphatic ducts) as well as effective retraction of the lung and bronchus.

The mediastinal pleura is opened from the left phrenic nerve to the subaortic area. The left vagus nerve and recurrent laryngeal nerve must be identified and saved. All fat tissues and lymph nodes are removed *en bloc*. The lymph nodes and tissues around the left tracheobronchial area are dissected.

It is better to approach the subcarinal area anteriorly after left upper lobectomy, and posteriorly after left lower lobectomy. For the anterior approach after left upper lobectomy, the left pulmonary artery trunk and main bronchus are lifted upward, the stump of the superior pulmonary vein is pushed aside, and the inferior pulmonary vein is pulled downward ([Fig. 5](#F5){ref-type="fig"}). Right-sided double lumen intubation is recommended to lift the left main bronchus effectively. After left lower lobectomy, the subcarinal space is exposed via the usual posterior approach. The descending aorta and esophagus are retracted posteriorly, while the left main bronchus is retracted anteriorly. Port selection for the appropriate retractors is important ([Fig. 6](#F6){ref-type="fig"}).

![Port placement for right side VATS lobectomy. Thoracoscope is introduced through working window.](kjtcs-44-1-g001){#F1}

![(A) Bronchoscopic findings of the right middle lobar bronchus narrowing which occurred after VATS right upper lobectomy. (B) Chest CT shows slit-like narrowed right middle lobar bronchus.](kjtcs-44-1-g002){#F2}

![Port placement for left side VATS lobectomy. Thoracoscope is introduced through working window and a peanut holder for lung retraction is inserted through 10 mm back port. Thoracoscope may be introduced through the back port whenever it is necessary.](kjtcs-44-1-g003){#F3}

![Subcarinal lymph node dissection, which is facilitated with tiling the operating table to the left side and retraction of the right lung.](kjtcs-44-1-g004){#F4}

![Anterior approach for subcarinal lymph node dissection after VATS left upper lobectomy. Sup. PV=Superior pulmonary vein.](kjtcs-44-1-g005){#F5}

![Posterior approach for subcarinal lymph node dissection after VATS left lower lobectomy. Desc=A: descending aorta.](kjtcs-44-1-g006){#F6}
